Background: The height of an individual in the upright posture is referred to as stature. The evaluation of the stature of an individual is an essential step in identification. Estimation of stature is commonly performed using the long bones as they positively correlate with the stature. The correlation between the dimensions of the skull, jaw and stature of an individual has been reported among specific populations. To date, only a few studies have correlated odontometric parameters with stature among populations. Teeth and oral structures can be used to estimate the stature of an individual. The objective of our study was to determine and establish a relationship to estimate the stature of individuals among three different Asian ethnicities using four odontometric parameters as a forensic tool. The Asian ethnicities chosen in our study were Malay, Indian and Chinese. The five parameters were the height of an individual, intercanine width, interpremolar width, arc length and mesiodistal dimension of the six anterior teeth. The height was measured with the individual standing upright and barefooted. The mesiodistal width of the anterior teeth was measured at the contact points; the intercanine and interpremolar widths were measured at the cusp tips from the left to the right quadrant; the arc length was measured at the middle one-third position of the crown from the right to the left canine. Results: The results showed that out of the four odontometric parameters, only the arc length was significantly associated with the height of the individuals among the ethnicities chosen. Conclusion: Thus, of the four selected parameters, the arc length may be helpful in the estimation of stature among the selected Asian ethnicities. Dimensions of the teeth can be used as an adjunct to other aids in estimating the stature of an individual and hence is a vital forensic tool.
Background
Each human is unique, and the measurable characteristics of one individual are seldom similar to another individual. Due to the different characteristics of each human, personal identification can be made regardless of gender, age, race, and ethnicity. Personal proof of identity is a scope where pathology, anthropology, odontology and genetics correlate (Schmitt 2006) . Personal identification can be made based on specific features and descriptors, such as the gross features of an individual. The need for personal identification is an essential aspect of forensic sciences. There can be instances where an individual needs to be identified, such as after a genocide, a natural disaster or in cases where a missing individual needs to be matched with the remains of an unknown body that is found after months or years. In routine forensic practice, the identification of a living individual as well as the deceased using skeletal remains and the dentition is of utmost importance. DNA (deoxyribonucleic acid) profiling is an essential tool of the identification process during mass disasters and with regard to unidentified individuals. However, DNA testing cannot be employed in all cases.
Anthropometry is the measurement and study of the human body, its parts and capacities (Yadav et al. 2016; Swami et al. 2015) . The main aim of anthropometry is to establish the identity of an unknown human to supplement law enforcement agencies. Anthropometric characteristics have a direct correlation with the gender, shape and form of any individual (Stedman 2005) . Stature or body height is one of the essential anthropometric parameters that can be used to determine physical identity as it is a distinctly visible factor of an individual. Stature is the height of a person in the upright posture (Patil et al. 2008) . When skeletal remains are available and identification is necessary, the most common stature estimates are derived from long bones (Chethan et al. 2019) as various long bones correlate positively with height (Ahmad et al. 2014) . However, in cases where the human body is decomposed, fragmented, or mutilated, the proportional biological relationship of stature with other human body parts such as the head, face, trunk and extremities are needed to provide relevant data for personal identification (Wankhede et al. 2012; Özaslan et al. 2003; Garg and Chauhan 2016; Kotian 2013) . The study of teeth can enable reliable determination of the stature of a person as teeth are composed mostly of hard tissue, are relatively durable, are chemically the most stable element of the human body, are selectively preserved and fossilized and have resilience in the case of fire and bacterial corrosion (Khangura et al. 2015) . Therefore, teeth are usually seen as remains in forensic and archaeological excavations, where not all the bones of an individual are retrieved. This signifies the importance of teeth and other oral structures in the identification of age, sex and race based on odontometric parameters. Few studies have been performed regarding the odontometric measurements in the estimation of the stature or body height (Ahmad et al. 2014; Özaslan et al. 2003; Gupta et al. 2015; Eboh 2016; Dahlberg 1963) . Patil et al. (2008) could not establish a correlation between stature and the combined mesiodistal width of the permanent maxillary anterior teeth (Patil et al. 2008) . Similar results were obtained in a study by Gupta et al., where the combined mesiodistal width of the permanent maxillary anterior teeth did not help in the estimation of the stature (Gupta et al. 2015) . According to Khangura et al., a highly significant correlation was observed between the height of an individual and the intercanine and interpremolar width, whereas the relationship between the height and the combined width of six anterior teeth and the arch length was not significant (Khangura et al. 2015) . The present study aimed to estimate stature using odontometric parameters among Asian ethnicities, which included Malay, Indians and Chinese. The studied odontometric parameters were the intercanine width of the maxillary arc, inter premolar width of the maxillary arc, maxillary arc length and mesiodistal dimension of all six maxillary anterior teeth. Thus, the objective of our study was to determine and establish a relationship to estimate the stature of individuals using four odontometric parameters.
Materials and methods
This study was conducted on 120 subjects who were students pursuing their undergraduate studies at the Melaka Manipal Medical College, Manipal, India. It consisted of 40 individuals from each ethnicity, viz., Malay, Indian and Chinese, with an equal gender distribution. Simple random sampling was followed to select the subjects from each ethnicity. The sample size calculation was based on the significant correlation coefficients reported by Khangura et al. for intercanine width (r = 0.29) and interpremolar width (r = 0.35) with height (Khangura et al. 2015) . Using G*power software version 3.1.2 (Faul et al. 2007) , an effect size of 0.29 with an alpha error of 5% and a power of 95% yielded a maximum sample size (n = 120).
The subjects were finally selected based on the following criteria: All subjects were informed about the study and the procedures involved. After obtaining informed consent from each individual, the following five measurements were recorded:
Mesiodistal crown dimension of the six permanent maxillary anterior teeth (SPMAT)
Intercanine width (ICW) Interpremolar width (IPMW) Arc length (AL) Height of the individual
The mesiodistal width of the crown of the permanent maxillary anterior teeth was measured using a digital Vernier calliper (accurate to 0.01 mm) at the level of the contact point between the adjacent teeth at the incisal one-third of the crown. The instrument was held parallel to the occlusal plane, and the mesiodistal width of each maxillary permanent anterior teeth was recorded individually. The combined mesiodistal width of all six maxillary permanent anterior teeth was then obtained by adding individual values. The intercanine width was measured from the cusp tip of the right canine to the cusp tip of the left canine. The interpremolar width was measured at the buccal cusp tip of the right first premolar to the buccal cusp tip of the left first premolar. The centre of the wear facets was estimated in cases of attrition of the cusp tips in canines and premolars, and the measurements were recorded accordingly. The arc length was measured from the middle one-third of the right canine to the middle one-third of the left canine using a clean string, and the length measured was then scaled using a ruler.
The height of each subject was measured from the vertex of the individual's head to the floor using a measuring tape. The height was measured as the subject stood upright on a horizontal resting plane, barefoot, with the measuring tape placed in a vertical position behind the subject (the subject was asked to stand in the anatomical position). A ruler was placed perpendicular to the measuring tape on the vertex of the subject, and the height was recorded.
All the dimensions were measured twice before the final record to minimize errors, and the average of the measurements was taken.
Statistical analysis
All analyses were performed using SPSS version 18 (SPSS Inc. released 2009. PASW Statistics for Windows, version 18.0. Chicago: SPSS Inc.). A p value of < 0.05 was considered statistically significant. Pearson's correlation coefficient was used to establish the correlation of odontometric variables with height. Simple linear regression was used to predict height with odontometric variables.
Results
We found a significant positive correlation between AL and the stature of the individual (r = 0.287 and p = 0.002), while no significant correlation was observed between the stature and other odontometric variables (SPMAT, ICW and IPMW) ( Table 1 ). Significant odontometric variables were used to predict the stature using simple linear regression analysis. The AL was significantly associated with the stature (β = 8.96; 95% CI = 3.48-14.45) of the individuals (Table 2) , with an R 2 of 0.08.
Discussion
Identification of an individual from fragmentary remains is an essential aspect of forensic investigations due to an increase in the occurrence of mass disasters. Age, sex and stature are important parameters in establishing the identity of an unknown individual (Hasegawa et al. 2009 ). Long bones help in the estimation of the stature of an individual as they positively correlate with stature. However, the use of long bones in the case of fragmentary remains is limited (Cesario and Latta 1984) . Thus, parameters such as foot length and cranial sutures are being used for stature estimation (Ahmad et al. 2014) . Teeth are resistant to damage, and odontometric parameters remain constant over time.
Using teeth for identification has several advantages as the anatomical landmarks are standard, well-defined and easy to locate (Franco 2018) . Differences in odontometric features in specific and within the same population have made it necessary to obtain values specific to a population for identification based on dental measurements (Doris et al. 1981 ). Thus, our study evaluated odontometric parameters among three Asian ethnicities: Malay, Indians and Chinese. Doris et al. suggested that an early period of permanent dentition is best suited for tooth size measurements due to minimal mutilation and attrition of the dentition in young adults, thus minimizing the effect of mutilation and attrition on the tooth dimensions (Doris et al. 1981) . The achievement of complete skeletal maturity, which is commonly designated as skeletal age (SA), is 18 years (Nahhas et al. 2013) ; thus, the length (birth to 2 years of age) or height (3-18 years of age) of an individual is defined as short or tall stature (Bramswig 2008) . Therefore, subjects in the 18-30 years' age group were included in the study sample. Four odontometric parameters, namely, the combined width of six anterior maxillary teeth, intercanine width, interpremolar width and arch length, were evaluated to correlate with the height of an individual. The use of odontometric parameters for stature estimation is limited. Of the four odontometric parameters selected for the study, Patil et al. in 2008 used the combined width of six maxillary anterior teeth for the estimation of stature and observed a small statistically significant correlation between height and combined mesiodistal width of six anterior maxillary teeth (Patil et al. 2008 ). However, we concluded that there is no significant correlation between these two parameters. Prabhu et al. in 2013 used the measurements of the crown of the teeth to predict the stature. The proximal and labiolingual widths of the teeth other than the third molars and the heights of the adults were also obtained. There was a significant relationship between the crown of the teeth and the stature of the individual based on a regression analysis for the dentition, thus concluding that the dentition could be used as an adjunct for better and definitive indicators of stature (Prabhu et al. 2013) . In our study, odontometric parameters were considered singly with the stature of the individual. Of the four parameters, only the arc length was statistically significant. In a study by Khangura et al. of the four odontometric parameters, intercanine width and interpremolar width were statistically significant in relation to height, which is not in accordance with our study (Khangura et al. 2015) .
The equation that was derived using the arc length in our study is
where Y is the predicted stature, C constant of the parameter (125.686), M regression coefficient (8.964) and X arc length (AL).
The selected odontometric parameter can be used singly to estimate the stature of an individual from any of the three Asian ethnicities used in the study. This study proposes the importance of various odontometric parameters as a forensic tool for estimating the stature from fragmentary remains.
Conclusion
The authors conclude that of the four selected odontometric parameters used, arc length may be used as a tool for stature estimation among Asian ethnicities. Thus, odontometric parameters can be used as reliable tools for predicting the height of an individual. Tooth dimensions can be used as a new approach for the estimation of stature in fragmentary remains. However, further studies are required to estimate the accuracy of predicting the height of an individual using these regression equations for the selected odontometric parameters. 
